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INTRODUCTION. 


The two great questions which are of most importance to 
the agriculturist in this section of the country are: How may 
we best conserve and utilize the available water to the greatest 
advantage? and, How may we eliminate the surplus alkali from 
the soil? 

It was in the hope of throwing some light upon the solu- 
tion of these great questions that the following experiments 
were undertaken. 

I regret to state that the young man who took the observa- 
tions for a few days, on account of the necessary absence of the 
regular observer, lost the records for two months of the year 
1900. I have concluded, therefore, to use the records for 1901 


only in reporting the amount of evaporation. The results in 


regard to the rise of alkali, however, will cover the period of 
two years. 

The water used in these experiments was obtained from 
the artesian well near the University, and the amount of alkali 
contained therein was .639 grains per gallon as per analysis 
made by Professor E. E. Slosson, Chemist of the Station.* 

I wish here to acknowledge my indebtedness to Mr. B. P. 
Fleming, Irrigation Engineer, for all of the data found in 
Table II. 


*Bulletin No. 24, Wyo. Ag. Exp. Sta. Water Analyses, 
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The following were some of the questions which I hoped 
to partially answer by these experiments: 

1. How rapidly does moisture evaporate from the soil 
when the level of water is kept at a certain distance from the 
surface by subirrigation? 

2. What effect has stirring the soil once a week to certain 
depths upon the evaporation of moisture when the level of wa- 
ter is maintained at a constant depth? 

3. What effect has subirrigation upon the rise of alkali? 

4. What effect has alkali upon the evaporation of moist- 
ure when the level of water is kept at a certain depth from the 
surface? 

For the purpose of investigating these questions | had con- 
structed 15 pieces of apparatus similar to the one shown in the 
cut. DEF Cisa drum, 9 inches in diameter and 4 inches deep, 
made of heavy galvanized sheet iron. K H is a tube of the 
same material, 26 inches long and 6 inches in diameter, extend- 
ing to the bottom of the drum, and with its lower surface per- 
forated with many holes so as to admit water freely from the 
drum. 

This pipe was filled with soil in place on the experiment 
farm by driving the tube into the soil as far as possible, then 
with trowels and knives cutting the soil from around the tube 
and driving it down still further. The process was continued 
until the tube was entirely filled. The tube was then soldered 
into the drum around the rim at H. 

The tube B C is of galvalized iron pipe soldered into the 
drum at C ard fastened to the larger pipe by a support a’ little 
below B. 
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This apparatus was buried in the ground on the experiment 
plat so that the top of the tube H K was level with the surface 
of the soil. Thus I had the undisturbed soil from the farm 
buried in the ground with the top exposed to the wind, rain, 
and sunshine, and having the same temperature as the sur- 
rounding earth. . 

The tank, from which observations were taken of the 
amount of evaporation of moisture from the water surface, and 
the soil thermometers, for determining the temperature of the 
soil at various depths, were located about 16 feet trom the 
buried tubes. 

In the tube B C was put a small empty vial fitted with a 
rubber stopper. In the stopper was inserted an aluminum wire 
long enough to reach up to a certain mark on the glass tube 
B A when the vial was floating on the water kept at a certain 
level in the tube B C. The tube B A was calibrated so that 5.5 
grams of water poured into the tube B C would cause the end 
of the wire to rise through one space. The upper end of the 
wire was bent at a right angle, and the lower end of the tube at 
B was almost closed by fusion, so that the pointer on the end of 
the wire could move up or down through the length of the tube 
but could not fall below the lower end B. 

The level of water in the tube B C was kept at about the 
same height by pouring water from a graduate into the tube 
A B at 7 p. m. each day during the crop season of 1900. Dur- 
ing the year 1901, the method of obtaining the amount of water 
used each day differed somewhat from the method used the 
previous year. A beaker nearly full of water was first care- 
fully weighed, then enough water poured from it into the tube 
B C to bring the floating index up to the required mark; the 
beaker was again weighed and the amount in grams of water 
poured into the tube was ascertained and recorded. Very tre- 
quently the index would come above the proper mark, then an 
allowance had to be made for the excess poured in; an allow- 
ance also had to be made for the amount of evaporation the 
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next day. This, however, was very easily accomplished by 
means of the calibrated tube A B. 


DATA IN REGARD TO THE DIFFERENT TUBES. 


No. 1 was kept full of water to within 6 inches of the top. 

No. 2 was kept full of water to within 12 inches of the top. 

No. 3 was kept full of water to within 18 inches of the top. 

No. 4 was kept full of water to within 22 inches of the top. 

No. 5 was kept full of water to within 22 inches of the top 
and the surface stirred once a week to the depth of 2 inches. 

No. 6 was kept full of water to within 22 inches of the top 
and the surface stirred once a week to the depth of 4 inches. 

‘No. 7 was kept full of water to within 22 inches of the top 
and the surface stirred once a week to the depth of 6 inches. 

In tubes 8, 9, 10, and 11 enough sodium carbonate in so- 
lution (5 per cent) was poured in A C to moisten each tube 
full of earth and leave the solution standing at the proper level, 
after which artesian well water was added each day. In tubes 
12, 13, 14, and 15 a 10 per cent solution of sodium carbonate 
was added till’all of the earth was moistened with the liquid, 
then water was poured in as in the other tubes. 

No. 8 was kept full of water to within 6 inches of the top. 
No. 9 was kept full of water to within 12 inches of the top. 
No. 10 was kept full of water to within 18 inches of the top. 
No. 11 was kept full of water to within 22 inches of the top. 
No. 12 was kept full of water to within 6 inches of the top. 
No. 13 was kept full of water to within 12 inches of the top. 
No. 14 was kept full of water to within 18 inches o7 the top. 
No. 15 was kept full of water to within 22 inches of the top. 
In column 16, of Table No. I, the amount of evaporation 
from the free water surface will be found, while column 17 of 
the same table contains the amount of rainfall. 

The amounts in Table No. I are recorded in linear inches, 
while those in Table No. II represent the per cent of alkali 
found in the soil at various depths. 


48 Wyoming Experiment Station. 


The following conclusions were drawn from these experi- 
ments : . 

The evaporation from the surface of the soil with the level 
of water maintained at 6 inches below was 95 per cent, at Ia 
inches below it was 70 per cent, at 18 inches below it was 45 per 
cent, and at 22 inches below it was 35 per cent of what it was at 
the surface of the water in the evaporation tank. 

Stirring the ground once a week to the depth of 2 inches 
retarded evaporation to the amount of I9 per cent, when stirred 
to a depth of 4 inches it was retarded 23 per cent, and when 
stirred to a depth of 6 inches evaporation was retarded 45 per 
cent. The water in all three of the pipes was maintained at a 
depth of 22 inches below the surface of the soil. 

Evaporation was retarded 43 per cent when the soil con- 
tained .0597 per cent of alkali and the level of water was main- 
tained at 6 inches below the surface. ‘The amount of retarda- 
tion was 55 per cent in soil containing .5116 per cent of alkali, 
and the level of water I2 inches below the surface. In soil con- 
taining .5375 per cent of alkali the amount of retardation was 
50 per cent when the level of water was maintained at 18 inches 
below the surface; while the retardation was 57 per cent in soil 
containing .6205 per cent of alkali and the level of water kept 
at 22 inches below the surface. The amount of alkali is the av- 
erage amount found in the entire 26 inches of soil. 

More alkali was found in the first three inches than in any 
other three inches of the soil. 

More alkali was found in the last two inches than in the 
three next above. 


The following analysis of the soil used in these experi- 
ments was made by Professor E.. E. Slosson in 1892, and pub- 
lished in Bulletin No. 6. 


Z 
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Chemical Analysis of the Soil of the Laramie Experiment 
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Experiments in Evaporation. 


TABLE I (Continued) —Zvaporation. 


1 2 3 
1 lavas Por eM Poco .202 Mi .106 
pee aia Yi .165 101 .098 
DB. : 116 .093 031 
AS Eee toys, 3 .181 074 035 
iene: ‘ .209 .108 .058 
Git eats 101 054 .023 
sds Serer eet . 200 098 048 
Ee ees eae .194 094 .022 
Oe Biota) 11 069 
10. korg 156 080: 000. 
eat eel, mal lrg 056 
Le et 204 .183 O74 
ls Poa ken pegs 218 .156 071 
la er. ae 219 .199 .099 
1a ees Se cle Ee 197 .145 . 069 
Os oe ooo 161 mle 040 
1 ge cammigs baee Nes | Mae 
Loy Sa a See nee .218 Aleit 075 
LOND a : 080. 000 000 
20m pee: .189 .028 .109 
21 hae LS 069 086 
22 poo . 109 071 071 
DOIha ted .103 083 016 
OT DES penta be .182 .106 O74 
245 Meninens eae £163 alla) .052 
IO, 179 .120 047 
Pan ae es .148 .106 084 
Ne ccteens os .159 .114 055 
DOR SR 1b: .183 bit 086 
310 eh Be eect eee 094 058 .012 
341 Nee fate hae 154 .112 081 
Sum. < 5.187 | 3.376 | 1.609 | 1. 
Mean cial Nessa \"¢ 109 052 


ries t= 


pg Patel Mecca) 
_ Lad 2 
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090 
043 
079 
036 


“051 


048 
000 
046 
053 
O12 
“O12 
068 
“085 
074 
O77 
036 
078 
054 
000 
069 
000 
028 
000 
048 
‘036 
012 
000 
000 
039 
000 
044 


218 | 1.649 | 1.815 


5 6 
047 065 
054 124 
A118 060 
049 040 
.063 | .114 
054 089 
054 026 
047 030 
052 O75 
1155 | 012 
045 044 
047 064 
087 085 
061 114 
080 069 
038 050 
. 129 054 
O81 mye 
000 000 
045 00 
028 024 
028 071 
032 037 
031 089 
046 090 
O81 058 
048 055 
058 079 
026 064 
041 059 
124 037 


089 


OBE 058 


AUGUST, 1901. 
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.088 


061 
O91 
.014 
£105 
041 
084 
.016 
038 
.000 
.000 
026 
.079 
049 
076 
O85 
096 
069 
.000 
088 
000 
071 
.000 
.059 
024 
000 
056 
083 
. 080 
047 
085 


1.356 
048 


a 


186 
032 
‘OBL 
066 
046 
037 
000 
048 
000 
O12 
O51 
116 
056 
058 
O86 
069 
041 
000 
083 
036 
099 
000 
036 
.012 
000 
058 
033 
O12 
047 
067 


“1.459 


047 


096 


9 10 11 12 13 14 15 16 
330 .800 114 082 .024 000 .040 | .384 
276 295 229 hi .045 | .065 .012 | .348 
172 . 167 170 135 O61 019 £0810) 220 
249 196 1338 095 025 000 .032 | .228 
. 230 .208 . 140 074 053 070 .025 | .096 
.189 151 oulalyy 051 042 051 .063 | .324 
185 173 169 047 O11 043 .000 |. 168 
sale 187 118 O87 O18 000 OOO | .144 
. 200 196 146 061 056 058 .068 | .228 
O81 AT 094 121 000 .000 | 000 | .168 
. 198 174 O86 056 . 029 032 .000 |. 165 

252 .031 | ».108 . 142 056 O71 .018 | 848 
239 ASL 103 106 022 1025.) .047 | .228 

259 205 121 065 061 000 O18 | .386 
201 217 224 O88 045 046 .033 | .216 
176 167 110 090 031 027 .040 | 120 
220 227 265 O71 012 041 031 264 
465 207 152 . 092 099 082 .039 | .264 
000 O00 024 000 000 000 .000 | .048 
O91 123 O71 081 086 000 .000 | 168 
000 101 000 000 000 000 .000 | .072 
099 gi 043 036 059 036 000 | .204 
043 083 058 .000 118 047 .024 | .060 
.123 | ,.146 054 012 036 000 .012 | .180 
148 . 144 082 O78 012 012 012 | .182 
187 144 087 193 000 .000 .000 | .156 
157 139 129 118 slits O61 .000 | = .096 
. 163 155 125 078 140 000 033 | .132 
205 161 086 1382 057 082 .000 | .120 
128 107 07: 046 049 040 .000 | = .182 
189 143 1 .076 082 080 000 .052 | .182 

5.523 | 4.986 8.502 | 2.386 | 1.999 | 1.340 .680 | 5.784 

178 161 ,- .118 077 064 043 .022 | 187 
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eco’ | 6F0° | 890° | 860° | oso’ | rer | ger’ | ort” | ero" | 6s" | 290" | 420° | 660° | eer | 902° 7] g ee a 
120" | S80" | 860° | 260° | STL’ | Sst | 69T° | 60" | EPO" | 840° | 880 | 88 g9c0° | 90E° | TOT * ues 
Te9" | THOT | SGT'T | OL4°S | LEP'S | 99°F | S60°S | LAT'T | GOEL | 998°C | GATT | GENT | G69'T | COLE | TEB P| °° * “wns 
10° | 9F0° | 290° | Goo’ | TOT’ | GEE’ | 98E° | S90" | 000" | SE". | 000" | 820° | 080° | 060° | FET’ ‘Of 
000° | T#0" | 990° | e90° | ORO" | BEL’ | 9ST’ | 000° | 990° | S60" | 6FO’ | 80° | 090° | FLO’ | ODT’ " * 66 
G0" | 000° -| 000° | SFO" | TLO’ | LET" | 80L’ | #40° | 080" | 690° | S80" | 690° | TSO" | #90" | Fer’ " * 86 
000° | TO" | Oco" | 0S0° | TOL’ | SST | 62~° | O00’ | S90" | 9OL° | 820° | €90° | 160° | 460° | IST’ Boy: 
96)" | 680° | GeO’ | 260° | 690° | OST’ | BET’ | 090° | FS0° | GRO’ | GIO’ | 000° | @80° | 690° | GAT" oie (: 
280° | 000° | 000° | 090° | T&L’ | GOL’ | FAT | 000° | GeO" | 9IT’ | BLO" | FSO" | S60" | 000" | LT” & 
000° | 820° | 190° | FPO’ | LIE’ | BEL’ | Ele’ | Str’ | O80 | 620° | POT’ | STO’ | 190° | SFG | Akt” |” i 0G 
PS0° | 60° | 000" | 980° | EST’ | PAT’ | EBT’ | 000" | THO" | 460° | 480" | 490° | BRU" | COE" | SBT "27 86 
980° | 000° | Of0° | TeE’ | SOL’ | 8T@ | S8t° | FSO" | #G0" | £40° | 24h0° | S20: | 890° | 260° | SE6" 1 & 
000’ | 490° | 920° | 80° | OZE’ | 80L° | SOT” | #e0' | FO" | 660° | 000" | 000° | BYU" | 840° | OST" | °° 1 
960° | 000° | 270° | 290° | 160° | PSE’ | Or | 620: | OPO’ | B80" | LeO" | S00" | B10" | 040° | SOL’ | > 7 | 0 
000° | #20" | GIO" | 920° | Get’ | THT’ | 6ST" | GIO" | STO" | #80" | OFO' | 860° | OFO' | 980° | 2FT’ 61 
480° | OPO: | 980° | 980° | Ger’ | eSE° | TST’ | 400° | Ze0° | TOL’ | #20" | 000° | 2H0° | 680° | CPT | | | 8 
20° | 870° | ThO' | 960° | GOL’ | PSE | TSE’ | 690°. | 880° | 90° | 080° | 690° | 960° | 980° | PFT! meee |! 
620° | 260° | 000° | 820° | 880° | Sot’ | 824° | 280° | 2h" | 060° | ZS0° | FeO" | OS0' | G40" | Gat’ joo | CO 
40" | 8F0' | 980° | 160° | TST’ | 86° | 00c’ | 80° | 980° | TOE’ | 680° | GeO" | FLO’ | LET” | Te! “St 
860° | 000° | 000° | 490° | TOL” | 9FE° | 94T° | GIO’ | GeO’ | 990° | TOT’ | G0" | O&O" | GLO" | SET” cis! 
ec0" | 20° | SSO" | 880° | TOE’ | Tar” | Ler’ | €20° | SSO" | 660° | GRO" | 210° | S0° | OFT’ | OFT Pate ob 
610° | €80° | SFO" | THO’ | TSE" | 210° | PLE’ | 20° | TSO" | 820° | e20° | SFO" | 480° | G80" | ePL’ | > | | et 
9c0° | S80" | 20° | 960° | GIT’ | e8t; | FEE | OSO’ | G90" | TRO” | 40° | 000" | 690° | TOT’ | S6r’ hk 
860° | 960° | SFO" | 680° | SOL’ | OLE’ | 99T | GeO" | 2€0° | 690° | FTO" | 090° | G20" | 860° | FET’ |” OF 
ct0° | TSO’ | 880° | Ger’ | ORE | FOL” | LOZ’ | 090° | GS0° | GIT’ | Se0' | 790" | €80° | LIT" | LTO" met 
c10’ | PPO’ | 000° | 190° | SIT’ | IRL’ , FOL’ | FO" | 080° | S90" | SFO’ | TSO" | 290° | OST’ | FOL’ "8 
980° | G80" | 980° | 88E° | LAT’ | G6E’ | 86T° | 290° | chO’ | #60" | O&O" | G90" | 190" | OTT’ -| OBE’ 5 ee 
000' | 240° | 460° | Te0" | SOL’ | 28E° | 026° | STO’ | SFO’ | 90° | GEO" | OPO" | GEO" | CEI” | SOF’ ; “9 
000° | 000° | 620° | 280° | 980° | F9T’ | E8T° | 80° | 980° | 490° | S€0° | 000" | GLO" | GIT’ | 6ST’ ae 
460° | SHO’ | 620" | 90° | FOL’ | SFI | 69E" | 000° | 000’ | 280° | €F0° | GPO" | LSO" | SUT" | AST” av 
680° | 990° | OL0° | #60° |. 291° | FFE | S10" | 000° | 210° | $90" | £60" | 000" | 000’ | O80" | TET’ & 
000° | GlO° | 260° | 080° | GIT’ | 89L’ | See’ | COL’ | THE’ | ##0" | FO" | GPO’ | 090° | POT’ | Ael’ G 
000° | 180° | OSO" | 9@E° | TSE’ | e2t | S8x° | Teo’ | 90° | 8S0° | 8k0" | 090° | 90° | OT” | Oot |°° T 
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Experiments in Evaporation. 55 


TaBLe Il—Per cent of Alkali. 


Depth in inches. 8 9 eae a age a aa es 

ce jo De Riese Sake gilizo2, 4972 6144 | 1.48 .2076 | 1.7916 .9724 | 1.2492 

\ ae ee 1044 | 2176 | .2728 | .5560 | .1924 | .7048 | 6104 | 6708 
zs a ee ane .0360 .1348 . 1552 .3000 .1928 .4048 .5824 .5904 | 

; vs Ne rere .0480 .1516 .2048 . 2316 2244 2544 .5596 B52 

re | 0472 | .0912 | .2660 | .1360 | 2236 | .2468 | .3784 | .50C0 

Tot 3) ee 0404 . 0380 . 2064 .1688 . 2648 .2168 .4180 .5140 

; me RE Fe ee ai: .0376 .0316 | . 2064 Bee 2616 2344 . 2924 .4024 

a Se ot re ok 0412 .0360 .1796 .3256 .1400 . 2392 .4904 .4620 

: ; St ae ae .4780 | 1.1980 | 4.3040 | 4.9640 | 1.7072 | 4.0928 | 2.1156 | 3.5205 

GGT), ae aera ae oS 0597 1497 | . 2644 .4401 2134 .5116 5875 . 6205 


BULLETINS OF THE WYOMING AGRICULTURAL EXPERIMENT STATION 


These bulletins are sent free of charge to any address upon ap- 
plication to the Director of Experiment Station, Laramie, Wyo. 


(Only the bulletins named below are available for distribution.) 


No. 7—July, 1892. Insecticides. 

No. 8—October, 1892. Irrigation and Duty of Water. 

No. 9—December, 1892. Sugar Beets in Wyoming in 1892. 

No. 11—February, 1893. Crop reports for 1892. 

No. 12—April, 1898. Ground Squirrels (Gophers). 

No. 13—July, 1893. The Feeding 4nd Management of Cattle. 

No. 14—October, 1898. Geology of the Wyoming Experiment Farms, and 
Notes on the Mineral Resources of the State. 

No. 15—December, 1893. The Winter-Killing of Trees and Shrubs. 

No. 16—December, 1898. Grasses and Forage Plants. 

No. 17—March, 1894. I. Crop Report for 1893. II. Cost and Profit of Grow- 
ing Wheat. III. Sugar Beets. IV. Garden Vegetables and To- 
baceo. V. Meteorology for 1893. 

No. 19—September, 1894. Squirrel Tail Grass (Fox-Tail). 

No. 20—October, 1894. The Artesian Wells of Southern Wyoming. 

No. 21.—January, 1895. The Grain Smuts and Potato Scab. 

No. .22—April, 1895. —I. Onions. II. Crop Reports, 1894. 1, Potatoes; 2, 

Turnips and Other Reot Crops; 3, Grasses and Forage Plants; 
4, Cereals; 5, Other Crops. III. Cost and Profit of Growing 
Wheat. IV. Small Fruits at Laramie. 

No. 23—May, 1895. Notes on Climate. 

No. 24—August, 1895. Water Analyses. 

No. 25—November, 1895. Results of Three Years’ Experiments in Cost and 
Profit of Growing Wheat. 

No. 26—December, 1895. Garden Peas. 

No. 27—March, 1896. Meteorology for 1895, and Notes on Climate from 
1891 to 1896. 

No. 28—-May, 1896. First Report on the Flora of Wyoming. 

No. 29—July. 1896. Alkali. 

No. 30—September, 1896. Stock Feeding Experiments at Lander. 

No. 31—December, 1896. The Worst Weeds of Wyoming and Suggested 
Weed Legislation. 

No. 32—March, 1897. Potatoes. 

No. 33— June, 1897. The Composition of Prepared Cereal Foods. 

No. 34-November, 1897. Fruit Growing in Wyoming. 

No. 35—December, 1897. Mechanical Analyses and Water Content of Wyo- 
ming Soils. 

No. 36—April, 1898. Wyoming Sugar Beets. 

No. 37—June, 1898. Stooling of Grains. 

No. 388—September, 1898. Cultivated Shade and Forest Trees. 

No. 39—December, 1898. Alkali Studies, II. 

No. 41—November, 1899. Some Experiments With Subsoiling. 

No. 42—December, 1899. Some Native Forage Plants for Alkali Soils. 

No. 48—March, 1900. Alfalfa as a Hay Crop. 

No. 44—April, 1900. Alfalfa as a Fertilizer. 

No. 45—June, 1900. Artesian Basins of Wyoming. 

No. 46—January, 1901. The Brome-Grasses of Wyoming. 

No. 47—April, 1901. Lamb Feeding Experiment. 

No. 48—May, 1901. Experiments in Wheat Culture. 

No. 49—June, 1901. Alkali Lakes and Deposits. 

No. 50—March, 1902. Native Vines in Wyoming Homes. 

No. 51—May, 1902. I. Sheep Feeding on the Range. II. Lamb Feeding— 
Second Trial. 

No. 52—April, 1902. Experiments in Evaporation. 
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